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(54) Abstract Title 

Statistical multiplexing 

(57) A statistical multiplexing method for combining one or more digital signals into a data stream and 
transmitting said data stream as a variable bitrate data stream. One method comprising the steps of: 
producing an artificial constant bitrate data stream from a combination of the or each digital signal and null 
material; and removing the null material from the constant bitrate data stream to produce the variable bitrate 
data stream. 

This has the advantage that a VBR implementation for Statistical Multiplexing is provided using an ATM 
network, which implementation does not contravene the requirements of the MPEG 2 Standard. Since the 
transmission can occur at a VBR the bandwidth needed for transmission can be significantly reduced when 
compared to the CBR scheme. This has consequential cost savings for transmissions of specific numbers of 
signals. 
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2356323 

Improvements in or Relating to Statistical Multiplexing 

The present invention relates to improvements in Statistical Multiplexing, 
particularly in respect of Statistical Multiplexing in variable bitrate (VBR) 
networks. 

In known MPEG 2 Statistical Multiplexing systems a plurality of encoders are 
linked together in a group, each encoder encoding an individual channel. 
Based on "Quality" requirements the outputs from the individual encoders are 
varied and then multiplexed together to form a combined constant bitrate 
(CBR) group output. This generally works well. However, there are times 
when problems arise as a result of coherence. In other words there are times 
when all channels need a low bit rate and times when they all need a high 
bitrate. With respect to the low bitrate case, this is not a major problem as 
there is no need to compromise the quality of the individual channels. 
However, it is necessary to add some additional data or null packets to re- 
attain the constant bitrate of the group or to over-code the data using more 
bits than are necessary. This clearly has both potential advantages and 
disadvantages. With respect to the high bitrate case, there are much greater 
difficulties. As the group output must be at the CBR, if all channels require a 
high bitrate some will not be allocated sufficient bitrate and consequential 
reduction of quality will occur. In digital television this can have catastrophic 
effects on the viewing quality of the ultimate picture and indeed whether or not 
it is viewable at all. 
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There are clearly a number of problems associated with the above approach. 
One possible solution to some of the problems is to attempt to use a VBR 
network such as Asynchronous Transfer Mode (ATM). This takes advantage 
of ATM VBR services which are cheaper per mean Mbits/s compared to the 
known continuous bitrate schemes and enhances Statistical Multiplexing 
technology to improve the quality of picture coding during coherent coding 
data peaks within the group. 



ATM allows several types of transmission options, often referred to as traffic 
contracts. For a CBR contract the CBR is simply defined by a required bitrate 
for the service. For a VBR contract the VBR is defined by a mean bitrate, a 
peak bitrate and a maximum burst duration at the peak bitrate. Given that 
VBR coding is desirable in the compression encoders and it is a service that 
ATM is well specified to provide then it would be good to match the two. 
Further details of the traffic contracts will be discussed later. 

It is not straightforward to match VBR coding and ATM in this way. An 
additional problem arises since MPEG 2 Transport Stream (TS) must be a 
CBR between any two Program Clock References (PCRs) on the same 
Program Identifier (PID). Thus, if a VBR is required changes in the bitrate can 
only be made on a PCR PID boundary. In a single MPEG 2 TS there are 
usually more than one PCR PID flows, then since the two PCRs may not 
occupy the same packet location in the stream any bitrate change point will be 
between one or more PCRs and therefore violate the MPEG 2 standard. The 
result is that virtually all Transport streams must be CBR. 
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The present invention provides a solution to the above mentioned problems 
and further provides a VBR implementation for Statistical Multiplexing using 
an ATM network which does not contravene the requirements of the MPEG 2 
Standard. 

According to one aspect of the present invention, there is provided a statistical 
multiplexing method for combining one or more digital signals into a data 
stream and transmitting said data stream as a variable bitrate data stream. 
The method comprising the steps of: producing an artificial constant bitrate 
data stream from a combination of the or each digital signal and null material; 
and removing the null material from the constant bitrate data stream to 
produce the variable bitrate data stream. 

This has the advantage that a VBR implementation for Statistical Multiplexing 
is provided using an ATM network, which implementation does not contravene 
the requirements of the MPEG 2 Standard. Since the transmission can occur 
at a VBR the bandwidth needed for transmission can be significantly reduced 
when compared to the CBR scheme. This has consequential cost savings for 
transmissions of specific numbers of signals. 

According to a second aspect of the present invention, there is provided a 
Statistical Multiplexer for combining one or more digital signals into a data 
stream and transmitting said data stream as a variable bitrate data stream. 
The apparatus comprising: an artificial constant bitrate data stream generator 
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for generating an artificial constant bitrate data stream from a combination of 
the or each digital signal and null material; and a converter for removing the 
null material from the constant bitrate data stream to produce the variable 
bitrate data stream. 

According to a third aspect of the present invention, there is provided a 
scheme for transmitting and receiving information over a variable bitrate 
network. The scheme comprising a statistical multiplexer for statistically 
multiplexing one or more digital signals into a data stream; a transmitter for 
transmitting the data stream over a variable bitrate network; a receiver for 
receiving the transmitted data stream; and a demultiplexer for converting the 
data stream into one or more digital signal. 

Reference will now be made by way of example, to the accompanying 
drawings, in which: 

Figure 1 is a schematic diagram of a VBR transmission scheme 
according to one aspect of the present invention; 

Figure 2 is a block diagram of one embodiment of an ATM Multiplexer 
shown in Figure 1; 

Figure 3 is a block diagram of a Null Removal and Pointer Insertion 
block of the ATM Multiplexer in Figure 2; 

Figure 4 is a block diagram of the receiver circuitry necessary to 
decode the output from the Figure 1 Statistical Multiplexer. 

Figure 5 is a packet diagram of one mode of operation of ATM 
according to current use; and 
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Figure 6 is a packet diagram showing the proposed operation in 
accordance with the present invention. 

Referring to Figure 1 a VBR transmission scheme 10 is shown. The VBR 
transmission scheme include a Statistical Multiplexer (not shown per se), 
which in turn includes a plurality of encoders 12 (12' 12" to 12 n ). The 
encoders are connected to an ATM Multiplexer 14 both directly and via an 
Ethernet connection 16. The Ethernet carries bitrate instructions from the 
Statistical Multiplexer to the encoders and Quality requirements from the 
Statistical Multiplexer. The ATM Multiplexer will be described in more detail 
with respect to Figure 2 and Figure 3. The output 19 produced by the ATM 
Multiplexer is then transmitted via an ATM network 20. 

At the receiver end of the transmission scheme the received signal 21 is 
passed through an ATM Demultiplexer 22, which reverses the effect of the 
multiplexer 14. The demultiplexed signal is then passed to a decoder 24 or to 
one or more COFDM modulators 26 and 28 for onward transmission. 
Obviously other options are available at this stage depending on the system 
requirements. 

Referring now to Figure 2 one embodiment of the ATM Multiplexer 14 is 
shown. Packets of encoded data 40 are produced by the encoders of Figure 
1 and passed to a Statistical Multiplexer Packet Buffer 42. The Buffer 42 
produces a VBR output 44 and when appropriate an empty output 46. The 
VBR output 44 is passed to a multiplexer 48 and is combined with Null 
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Transport Stream Packets 50 to produce a CBR output 52. The empty output 
46 from the Buffer 44 is passed to a Statistical Multiplexer Peak Packet Rate 
Heartbeat 54. This is used to control the number of Null Packets 50 that are 
combined with the VBR output to produce the CBR output 52 and to control 
their output at a regular beat. More packets are inserted when the VBR 
output is low and vice versa. The CBR output 52 is then processed to remove 
the null packets and insert a pointer 56 and to produce the ATM layers 58. 
This processing then produces an ATM output 60. The null removal and 
pointer insertion block also generates the ATM cell data rate 62, which co- 
operates with the Traffic Contract Manager 64. The Traffic Contract Manager 
64 controls the bitrate required by the ATM output over the ATM network 
(Figure 1) and feeds back available bitrate levels to the Statistical Multiplexer 
via Statistical Multiplexer Instructions 66. 

Figure 3 shows the Null Removal and Pointer Insertion Block 56 of Figure 2 in 
more detail. Packets 80 from the CBR output (Figure 2) are passed to a 
Packet Buffer 86 and a Null Detector 82. The Null Detector passes two 
command messages 84 and 88 to the Buffer 86 and a Counter 90 
respectively. The message 84 to the Packet Buffer is a read enablement 
message, which allows non-null packets to be read. The message 88 is a 
count enablement message, which updates the counter. The output 92 from 
the counter is passed to a Buffer queue pointer 94. The output from the 
Packet Buffer and the Buffer Queue Pointer is passed to a Common Part 
Convergence Sub-layer (CPCS) Buffer 98. In addition the Buffer 98 receives 
an input from a CPCS Trailer Generator 96. The CPCS Buffer works to 



produce the ATM output cells 104 with a cell heartbeat generator 100 and a 
controller 102. The controller 102 is a Segment and Reassembly (SAR) 
Protocol Delivery Unit (PDU) queue and traffic controller which puts together 
the ATM cells in the correct format. The cell heartbeat generator ensures that 
the packets or cells are output at regular intervals or "heartbeats" so as not to 
violate the Traffic Contract. The SAR PDU cells form the payload carrying the 
encoded and multiplexed video audio and/or data signals. 

At the receiver end as shown in Figure 1 and Figure 4 the input cells 21 or 
120 undergo a reverse process to that at the transmitter. This will be 
described in more detail with reference to Figure 4. The SAR PDU cells 120 
are passed to a CPCS Buffer and pointer extraction block 122 which 
separates the payload from the control signals for each cell. The exact details 
of the transmitted and received signals are described with reference to 
Figures 5 and 6 below. The Buffer 122 generates pointer data 124, MPEG 
packets 126 and as required causes Null packets 132 to be generated. The 
Null packets are produced by a Null Generator 128 and are selected via a 
selector command 129. The MPEG packets form a jittered VBR. The Jitter is 
a time variation in the arrival of cells (or packets) caused by the different 
delays each cell experiences as it passes through the ATM Network. The 
MPEG packets 124, the null packets 132 and the pointer data 124 are all 
passed to a multiplexer 134. This reproduces a jittered CBR Transport 
Stream 138, which is passed through a CBR Clock Recovery Block 140 and 
then a CBR to VBR converter 142 for local decoding. Alternatively the clock- 
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recovered signal may be passed as 144 onto forward CBR transmission 
media 146. 

The ATM Traffic Contract Manager 64 controls the Traffic Contract of the ATM 
output. The Traffic Contract is defined by the Peak Cell Rate (PKCR), the 
Sustained Cell Rate (SCR) (also known as the mean rate of transmission) and 
the Maximum Peak Duration (MPD) (in other words the longest period of time 
for which the PKCR may be maintained). This can also be expressed as 
follows: 

as MPD-»oo then VBR = CBR @ PKCR 

The VBR output described above is combined with sufficient Null Packets 
(according to MPEG2) to produce a CBR output 52 at approximately the Peak 
Cell Rate. In actual fact the bitrate is slightly less to account for insertion of a 
pointer. This means that whatever the bitrate of the sum of the encoders in 
the Statistical Multiplexer Group the output rate is a CBR at just less than the 
PKCR made up of a varying quantity of Null and valid Statistical Multiplexer 
data. 

In adapting the MPEG2 TS or CBR output 52 to the ATM network each 
MPEG2 TS packet is checked to see if it is a Null or not. If it is a Null then it is 
excluded from the ATM output 60. The counter 90 retains the number of Null 
packets since the last packet that was not a Null. On the arrival of the next 
non-Null packet the counter value is written into a register and the counter 
reset to count the number of Null packets following this valid packet. This 
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register is a pointer that indicates the number of Null packets between the two 
valid data packets. This process is repeated a number of times. A good 
match to current standards is to repeat this process 8 times to have a Buffer 
now containing eight MPEG2 TS packets and eight pointer values. These 
may then be combined with ATM Adaptation Layer (AAL) formatting to form 
an AAL5 payload of 1536 bytes. These are divided according to ATM 
standards into thirty two 48 byte blocks for transmission. By not transmitting 
the Null packets but inserting pointers instead the generation of the 1536 byte 
block becomes a variable rate depending on the number of Null packets in the 
stream. The equipment will monitor the rate at which these cells are 
generated (now and in the past) and compare that rate against the traffic 
contract and send instructions back to Statistical Multiplex controller about 
allowable video coding rates. 

The eight MPEG2 TS packets and eight 24 bit pointers combined into one 
block with an mandatory 8 byte trailer has the same overhead percentage as 
the current standard of two MPEG2 TS packets and 8 byte trailer (97.82 
percent). See below for further details. 

At the receiver end the Buffer 122 synchronises using defined ATM 
techniques, and stores 8 packet/8 pointer blocks and uses the pointers to re- 
insert the Null packets. This regenerates a CBR MPEG2 TS which may be 
clock recovered (ATM introduces massive cell delay variation across the 
network that must be removed for MPEG data to be decoded and displayed 
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correctly). The regenerated CBR TS may now be re-transmitted over a 
satellite/terrestrial or cable network or decoded immediately. 

Referring now to Figures 5 and 6 two schemes of ATM packetisation are 
shown. Figure 5 shows the commonly used packet format where two MPEG2 
TS 188 byte packets 200 and 202 are to be transmitted with an 8 byte CPCS 
Trailer 204. The packets 200 and 202 and the trailer 204 are converted into 
eight SAR PDU 48 byte packets 206 to 220. Figure 6 shows the approach 
adopted in the present invention. In this case eight MPEG2 TS 188 byte 
packets 222 1 to 222 8 , a 24byte pointer 224 and a CPCS 8 byte trailer 226 are 
to be transmitted. The pointers give indications of null packets removed by 
the coding process and are needed to reconstruct the CBR resultant output at 
the receiver. The information to be transmitted is converted into 32 SAR PDU 
48 byte packets 228 1 to 222 32 . 

The invention is not limited to use with video signals but can be used for all 
types of digital signals where Statistical Multiplexing is relevant. It will be 
further appreciated that the references to ATM are not limiting and that the 
invention will work equally well with other types of VBR Network. 

Instead of actually generating a CBR data stream by introducing Null 
Information it would also be possible to produce a virtual CBR data stream. 
One way in which such a virtual stream could be produced is to identify where 
a Null would have been inserted and instead insert a Null Counter. Either of 



10 



these would reduce the processing of the signal during later stages of the 
process. 

This invention has been illustrated with multiple encoders producing multiple 
data or transport streams. It would also apply to a situation where there is 
only one encoder and a single transport stream. In the multiple encoder 
example the ATM Multiplexer includes the function of an ATM Concentrator. 
In the single encoder example the ATM Multiplexer does not include the 
function of the ATM Concentrator. 
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Claims 

1. A statistical multiplexing method for combining one or more digital 
signals into a data stream and transmitting said data stream as a 
variable bitrate data stream, comprising the steps of: 

producing an artificial constant bitrate data stream from a 
combination of the or each digital signal and null material; and 
removing the null material from the constant bitrate data stream 
to produce the variable bitrate data stream. 

2. The method of claim 1 , wherein the removing step comprises coding 
the null material. 

3. The method of claim 1 or claim 2, wherein the step of producing the 
artificial constant bitrate data steam comprises multiplexing the or each 
digital signal and null material to form the artificial constant bitrate data 
stream. 

4. The method of claim 3, further comprising controlling the amount of null 
material multiplexed with the or each digital signal in dependence on 
the bitrate of the or each digital signal. 

5. The method of any preceding claim, further comprising transmitting the 
variable bitrate data stream across a variable bitrate network. 

6. The method of claim 5, further comprising providing the variable bitrate 
network as an Asynchronous Transfer Mode (ATM) network. 

7. The method of any preceding claim, further comprising generating a 
plurality of digital signals from encoders in a Statistical Multiplexing 
Group. 
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8. A Statistical Multiplexer for combining one or more digital signals into a 
data stream and transmitting said data stream as a variable bitrate data 
stream, comprising: 

an artificial constant bitrate data stream generator for generating 
an artificial constant bitrate data stream from a combination of 
the or each digital signal and null material; and 
a converter for removing the null material from the constant 
bitrate data stream to produce the variable bitrate data stream. 

9. The apparatus of claim 8, further comprising a coder for encoding the 
null material. 

10. The apparatus of claim 8 or claim 9, wherein the artificial constant 
bitrate data steam generator comprises a multiplexer. 

11. The apparatus of any of claims 8 to 10, wherein the amount of null 
material multiplexed with the or each digital signal is dependant on the 
bitrate of the or each digital signal. 

12. The apparatus of any of claims 8 to 1 1 , further comprising a transmitter 
for transmitting the variable bitrate data stream across a variable bitrate 
network. 

13. The apparatus of claim 12, wherein the variable bitrate network is an 
Asynchronous Transfer Mode (ATM) network. 

14. The apparatus of any of claims 8 to 1 3, wherein the one or more digital 
signals comprises a plurality of digital signals from encoders in a 
Statistical Multiplexing Group. 

15. A statistical demultiplexing method for demultiplexing a variable bitrate 
data stream into one or more digital signals, said variable bitrate data 
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stream having been transmitted over a variable bitrate network, 
comprising the steps of: 

adding null material to the variable bitrate data stream to form 

an artificial constant bitrate data stream: and 

demultiplexing the artificial constant bitrate data stream to 

generate one or more digital signal and null material. 

A statistical demultiplexer for demultiplexing a variable bitrate data 
stream into one or more digital signals, said variable bitrate data 
stream having been transmitted over a variable bitrate network, 
comprising : 

an adder for adding null material to the variable bitrate data 
stream to form an artificial constant bitrate data stream; and 
a demultiplexer for demultiplexing the artificial constant bitrate 
data stream to generate one or more digital signal and null 
material. 

A method of transmitting information over a variable bitrate network 
comprising: 

statistically multiplexing one or more digital signals into a data 
stream; and 

transmitting the data stream over a variable bitrate network. 
A transmitter for transmitting information over a variable bitrate network 
comprising: 

a statistical multiplexer for statistically multiplexing one or more 
digital signals into a data stream; and 
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a transmitter for transmitting the data stream over a variable 
bitrate network. 

A scheme for transmitting and receiving information over a variable 
bitrate network comprising 

a statistical multiplexer for statistically multiplexing one or more 

digital signals into a data stream; 

a transmitter for transmitting the data stream over a variable 
bitrate network; 

a receiver for receiving the transmitted data stream; and 

a demultiplexer for converting the data stream into one or more 

digital signal. 
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